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Abstract 

Background:  Interstitial lung disease (ILD) may cause life-threatening complications of primary Sjogren’s syndrome 
(pSS), and has a poor prognosis in terms of survival and quality of life. To date, few studies have investigated the risk 
factors for ILD detected by high-resolution computed tomography (HRCT) in pSS patients with or without respiratory 
symptoms.

Methods:  Data of 333 patients with newly diagnosed pSS were retrospectively analysed. Interstitial lung disease 
involvement was defined as typical abnormalities on HRCT and/or pulmonary function tests. Multivariate regression 
model was used to evaluate the association between interstitial lung disease and pSS characteristics.

Results:  Sixty-six patients (19.82%) were diagnosed with pSS-ILD. Ground glass opacities (87.88%) and septal/sub 
pleural lines (81.82%) were most frequent. Based on pulmonary high-resolution computed tomography, patients were 
divided into nonspecific (n = 42), usual (n = 20), lymphocytic interstitial pneumonia (n = 3) and cryptogenic organ-
ising pneumonia (n = 1) groups. There was a strong association between erythrocyte sedimentation rate (ESR)/C-
reactive protein (CRP) and the HRCT-score. Pulmonary function tests revealed impaired diffusion capacity for carbon 
monoxide and total lung capacity, and coexistence of small airway lesions in pSS-interstitial lung disease. On logistic 
regression analysis, age, Raynaud’s phenomenon, lymphopenia, cough, dyspnoea and rampant dental caries were risk 
factors associated with pSS-interstitial lung disease.

Conclusions:  Interstitial lung disease involvement in pSS is a common clinical occurrence. The clinical manifesta-
tion is nonspecific and variable; Raynaud’s phenomenon and lymphopenia may predict its onset. pSS patients with 
advanced age, dry cough and dyspnoea should be systematically evaluated for ILD involvement and managed 
according to their symptoms.
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Introduction
Primary Sjögren syndrome (pSS) is a progressive autoim-
mune disease characterised by mononuclear cell infiltra-
tion of the exocrine glands, presented as sicca symptoms. 
A complicated interaction of genetic, environmental, and 
hormonal factors could be involved in its pathogenesis. 
Aberrant activation of the innate and acquired immune 
systems, such as type I and II interferons [1, 2], B- [3, 
4], follicular helper T- [5], T helper type 17- [6], and T 
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regulatory-cell [7] responses play a key role, explaining 
the potential systemic involvement, including vasculitis, 
lung, renal, and neurological involvement.

Lung complications are the most common extrag-
landular manifestations of pSS [8, 9], including intersti-
tial lung disease (ILD), small airway disease (SAD), and 
lymphoproliferative disorders [10, 11]. In general, pSS-
related ILD is the most frequent lung involvement in pSS 
and its most common manifestations are nonspecific 
interstitial (NSIP), usual interstitial (UIP), lymphocytic 
interstitial pneumonia (LIP) and organising pneumonia 
(OP). ILD could lead to life-threatening complications, 
including ventilatory failure and secondary pulmonary 
hypertension [12–14], which provide a poor prognosis 
in terms of survival and quality of life [11, 15, 16]. Thus, 
early ILD detection is crucial in pSS patients. However, 
it remains controversial whether all pSS patients should 
undergo a systematic search for lung involvement.

Previous studies have reported various risk factors 
associated with pSS-ILD including advanced age, smok-
ing history, male sex, the presence of antinuclear (ANAs), 
anti-La/SS-B, and anti-Ro/SS-A antibodies, lympho-
penia, a history of Raynaud’s phenomenon, digestive 
involvement, and a long course of disease progression [3, 
6, 9–12]. However, in most studies, pulmonary involve-
ment was defined as the presence of respiratory symp-
toms accompanied with altered pulmonary diagnostic 
test results. However, a significant proportion (23.81%) 
of pSS- ILD patients do not report any respiratory symp-
toms [17]. With the development of imaging technology, 
high-resolution computed tomography (HRCT) is more 
sensitive than plain radiography and pulmonary function 
tests (PFTs) [4–8], especially in asymptomatic patients. 
To date, few studies have investigated the risk factors for 
ILD detected by HRCT in pSS patients with or without 
respiratory symptoms.

Therefore, we performed this study to describe the 
baseline characteristics and investigate the risk factors for 
ILD in pSS patients. We retrospectively investigated vari-
ous clinical aspects of ILD associated with pSS, indicated 
by HRCT and PFTs, and the differences in these findings 
between the HRCT-scan patterns. Manifestations were 
assessed and compared in pSS patients with or without 
ILD. We also examined the relationships among clinical 
findings and changes after performing HRCT and PFT 
examinations. Finally, based on the comparative results, 
predictive factors for ILD onset were further identified.

Material and methods
Study subjects
In total, 333 patients with new-onset pSS admitted 
to Hebei General Hospital in China from Septem-
ber 2016 to March 2019 were enrolled. Their data were 

retrospectively reviewed and reanalysed for fulfilling 
the 2002 American-European Consensus Group criteria 
[18]. Patients diagnosed with other connective tissue dis-
eases, including systemic lupus erythematosus, systemic 
scleroderma, idiopathic inflammatory myositis, and 
mixed connective tissue disease, were excluded. Their 
immunological and clinical profiles and extraglandular 
involvement were analysed. The examined ILD variables 
included date of diagnosis, HRCT-scans, and PFT results. 
This study was approved by the Institutional Ethical 
Committee of Hebei General Hospital (approval number: 
2016070). Written informed consent was obtained from 
all individual participants. The procedures performed in 
this study were completed in accordance with the stand-
ards specified in the Helsinki Bulletin and the Chinese 
Laboratory Research Guidelines.

Data collection
Data regarding demographic features and clinical and 
laboratory findings (i.e., age, sex, disease duration, symp-
toms, and pathological findings of labial gland biopsies) 
were retrospectively collected at the time of initial pSS 
diagnosis. Data of laboratory findings were obtained 
from individual patients at their first visit to the hospital, 
including: erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP) level, white blood cell count, hemo-
globin level, leukocytosis, platelet count, rheumatoid 
factors (RF), blood protein electrophoresis, levels of IgG, 
IgM and IgA. Autoantibody screening was performed for: 
antinuclear antibodies (ANA), anti-SSA/SSB antibodies, 
anticentromere antibodies (ACA) and anti-RNP antibod-
ies. The pSS patients having ILD and ACA were carefully 
assessed, and the systemic sclerosis (SSc) patients were 
excluded according to the 2013 classification criteria for 
SSc [19].We also collected clinical information regarding 
their history of arthritis, chronic fatigue, Raynaud’s phe-
nomenon, liver involvement (primary biliary cirrhosis or 
autoimmune hepatitis), interstitial renal disease, glomer-
ulonephritis, lymphadenopathy, myalgia, arthralgia, and 
peripheral or central nervous system involvement.

The Eular Sjögren’s syndrome disease activity index 
(ESSDAI) was calculated [20–22]. The ESSDAI measures 
disease activity in pSS patients. There are 12 domains 
associated with disease activity (score ranges from 0 to 
3). Treatment received before and during the process of 
the disease was also evaluated.

HRCT and PFT analysis
HRCT scan of the lungs was performed in all patients. 
Thin-section CT images (1-mm slice thickness) were 
acquired at full inspiration and end-tidal expiration 
with a high spatial frequency reconstruction algorithm 
(Siemens Somatom Definition 128 slice CT system; 
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Siemens Corp., Munich, Germany). The HRCT findings 
were categorised according to the CT patterns classifica-
tion described by the American Thoracic Society/Euro-
pean Respiratory Society International Multidisciplinary 
Consensus Classification of the Idiopathic Interstitial 
Pneumonias [23]. A Warrick score was used to assess 
radiographic ILD severity and extent [24]. The total score 
varies between 0 and 30 and the higher score indicates 
a higher degree of radiological change. All image evalua-
tions were performed by two radiographic specialists. All 
data were available. The PFT results were expressed as 
percentages of the predicted value of each parameter and 
corrected for sex, age, and height. The following parame-
ters were evaluated at ILD diagnosis: vital capacity (VC), 
forced VC (FVC), and diffusing capacity for carbon mon-
oxide (DLCO). Lung function was considered abnormal 
when volumes were < 80% of the predicted values and 
when DLCO was < 70% of the predicted value. FEF25-75 
was evaluated to determine small airway function, and 
FEF25-75 < 65% was defined as abnormal.

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 25 software (IBM Corp., Armonk, NY). Data are 
described as frequencies for categorical variables and as 
the median and interquartile range (IQR) for quantitative 
variables. Two-group comparisons were analysed by Fish-
er’s exact test (two tailed) for categorical variables and by 
Student’s t test or Mann–Whitney U test for continuous 
variables according to Gaussian or non-Gaussian distri-
bution, respectively. Chi-square tests were used to evalu-
ate the differences in proportions. Correlations among 
the HRCT Warrick score, erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP), ESSDAI, and PFT 
were assessed with a Spearman’s rank correlation analy-
sis using GraphPad Prism 8.0 (GraphPad Software Inc., 
San Diego, CA, USA). Univariate and backward stepwise 
multivariate logistic regression analyses were performed 
to identify risk factors for ILD involvement, and odds 
ratios (ORs) and 95% confidence intervals (CIs) were cal-
culated. In the multivariable analysis, parameters with p 
values ≤ 0.1 in the univariate analysis were adjusted. For 
all analyses, the probability values were two-sided and 
p < 0.05 was considered to be significant.

Results
Demographic and clinical pSS‑ILD characteristics
There were 333 patients with pSS (sex, 310 female 
[93.09%] and 23 male [6.91%]; median age at diagnosis, 
54  years [range 18–85  years]). ILD was detected in 66 
patients (19.82%) (eight men [12.12%] and 58 women 
[87.88%]). The data of the patients included in the pSS-
ILD and non-pSS-ILD groups are summarised in Table 1. 

The patients with ILD were older (p = 0 0.01) than those 
without. A lower LMR (3.92 (2.50–5.16) vs. 5.41 (3.85–
6.93), p < 0.001), higher NLR (2.46 (1.55–3.59) vs 1.95 
(1.38–2.76), p = 0.01), and higher PLR (169.81 (111.46–
248.69) vs 142.29 (109.63–196.84), p = 0.03) were 
observed in the ILD group. The level of ESR (23 (10.75–
45.25) mm/1 h vs 17 (8–34) mm/1 h, p = 0.03) was higher 
in ILD group. An elevated CRP level (30.65% vs 17.46%, 
p = 0.02) was more frequently observed in patients with 
ILD. In addition, anti-RNP (30.30% vs. 7.12%; p < 0.001) 
and ACA (21.21% vs. 11.61%; p = 0.04) were more fre-
quent in ILD patients. Moreover, the positive ANA rate 
was not significantly different between the two groups. 
Similarly, we found no statistically significant differences 
in CRP, serum C3 and C4 levels, positive rheumatoid fac-
tor, positive anti-SSA/Ro or anti-SSB/La antibodies, and 
immunoglobulin levels. Meanwhile, a focus score of ≥ 1 
at histological evaluation of the minor salivary gland 
showed no between-group difference (92.06% vs. 96.54%; 
p = 0.16).

ILD onset was identified to be concurrent with pSS 
in 13 (19.70%) patients and developed after pSS in 39 
(59.09%), whereas in 14 (21.21%) patients the onset was 
prior to pSS. Pulmonary symptoms included dry cough 
(n = 32), sputum production (n = 23), chest tightness 
(n = 14), dyspnoea (n = 19), fever (n = 19), and recur-
rent pulmonary infections (n = 16) at ILD diagnosis. 
Additionally, 24 patients without obvious pulmonary 
symptoms exhibited abnormalities, consistent with ILD 
symptoms, in HRCT-scan and PFT results.

Initial clinical symptoms in pSS-ILD were nonspe-
cific, and patients more commonly presented with cough 
(25.76% vs. 1.87%; p < 0.001), sputum production (10.61% 
vs. 0.75%; p < 0.001) and dyspnoea (19.70% vs. 1.87%; 
p < 0.001). Moreover, patients with ILD commonly exhib-
ited Raynaud’s phenomenon (18.18% vs. 2.62%; p < 0.001) 
and rampant dental caries (27.27% vs. 8.99%; p < 0.001), as 
the first symptom. Regarding the presence of dry mouth, 
dry eye, and other initial symptoms of pSS, we found no 
statistically significant difference between patients with 
and without ILD.

Compared to those without ILD, pSS-ILD patients 
had significantly higher prevalence of mucocutaneous 
involvement (43.94% vs. 20.97%, p < 0.001). Raynaud’s 
phenomenon was observed in 22 (33.33%) patients with 
ILD, which was a significantly higher rate compared 
to those without (5.99%, p < 0.001). Haematological 
involvement was the main extraglandular manifestation 
of patients with ILD (46 out of 66 patients [69.70%]). 
Twenty-six (39.39%) patients suffered from musculo-
skeletal involvement, including arthralgias and transient 
synovitis. The neurologic manifestation, characterised by 
peripheral or cranial neuropathy, was observed in eight 
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(12.12%) patients. Renal manifestation, including distal 
renal tubular acidosis and interstitial nephritis, was the 
less frequent symptom in patients with ILD (observed 
in only 3 patients [4.55%]) (Fig. 1). The ESSDAI score of 
pSS-ILD patients was significantly higher (15 (10.75–21)) 
compared to those without (7.0 (2–11), p < 0.001). Addi-
tionally, investigation of the association between the ESS-
DAI and total HRCT-scores revealed a strong positive 
correlation (r = 0.28, p = 0.03).

All patients with pSS-ILD received prednisolone, 
immunosuppressants, or a combination of both. 
During the follow-up period (mean follow-up time, 
34.26 ± 5.77  months), except for 5 patients without 
regular follow-up, one of the 61 patients died due 
to acute exacerbation of ILD, 3 patients developed 
SLE, and one patient suffered recurrent pulmonary 
infections.

Table 1  Baseline characteristics of enrolled pSS patients with and without ILD

pSS primary Sjögren’s syndrome, RF rheumatoid factor, ANA antinuclear antibodies, MSG minor salivary gland, ACA​ anti-centromere antibodies, ESR erythrocyte 
sedimentation rate, IgM immunoglobulin M, IgA immunoglobulin A, IgG immunoglobulin G, CRP C-reactive protein, LMR lymphocyte to monocyte ratio, NLR 
neutrophil to lymphocyte ratio PLR platelet to lymphocyte ratio, MSG minor salivary gland
* Positive RF > 20 IU/mL; **positive for ANA titres ≥ 1:320

pSS with ILD (n = 66) pSS without ILD (n = 267) p value

Demographic features
Gender (F/M) 58/8 252/15 0.10

Age at onset, year 58.02 ± 13.78 52.91 ± 13.16 0.01

Disease duration, months 60 (24–120) 48 (12–120) 0.12

Laboratory findings
White blood cell counts (× 109/L) 4.74 (3.99–6.51) 4.97 (3.93–6.23) 0.88

Neutrophils counts (× 109/L) 2.96 (2.34–4.40) 2.93 (2.15–4.14) 0.41

Lymphocytes counts (× 109/L) 1.23 (0.91–1.74) 1.54 (1.14–1.89) 0.005

Haemoglobin (× g/L) 117 (109–129.75) 122 (110–132) 0.16

Platelets counts (× 109/L) 217 (171.25–272.75) 224 (179–268) 0.89

LMR 3.92 (2.50–5.16) 5.41 (3.85–6.93) < 0.001

NLR 2.46 (1.55–3.59) 1.95 (1.38–2.76) 0.01

PLR 169.81 (111.46–248.69) 142.29 (109.63–196.84) 0.03

ESR (mm/1 h) 23 (10.75–45.25) 17 (8–34) 0.03

CRP (mg/L) 3.3 (1.35–9.97) 3.3 (1.09–4.12) 0.24

RF(IU/L) 14.5 (10.6–63.55) 18.0 (10.6–69.0) 0.47

IgG(g/L) 14.85 (12.12–19.66 15.43 12.51–20.08 0.62

IgA(g/L) 2.44 1.87–3.42 2.83 1.98–3.70 0.07

IgM(g/L) 1.03 0.74–1.58 1.20 0.82–1.62 0.23

C3 (mg/L) 1.04 0.92–1.24 1.07 0.91–1.19 0.81

C4 (mg/L) 0.20 0.16–0.24 0.19 0.15–0.24 0.26

Elevated ESR (n, %) 33/62, 53.23 118/259, 45.56 0.28

Elevated CRP (n, %) 19/62, 30.65 44/252, 17.46 0.02

Low C3 (n, %) 14, 21.21 61, 22.85 0.78

Low C4 (n, %) 4, 6.06 25, 9.36 0.39

Elevated IgG (n, %) 20/65, 30.77 98/262, 37.40 0.32

RF (+) (n, %) * 26/59, 44.07 124/252, 49.21 0.48

ANA (+) (n, %) ** 55, 83.33 208, 77.90 0.33

Anti-RNP (+) (n, %) 20, 30.30 19, 7.12 < 0.001

Anti-Ro52 (+) (n, %) 35, 53.03 165, 61.80 0.19

Anti-Ro/SSA (+) (n, %) 30, 45.45 157, 58.80 0.05

Anti-La/SSB(+) (n, %) 10, 15.15 69, 25.84 0.07

ACA (+) (n, %) 14, 21.21 31, 11.61 0.04

Pathological MSG with focus score ≥ 1 (n, %) 58/63, 92.06 251/260, 96.54 0.16

ESSDAI 15 (10.75–21) 7.0 (2–11) < 0.001
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HRCT findings and pulmonary function of patients 
with ILD
Lung HRCT-scan findings demonstrated the following 
abnormalities: ground glass opacities (n = 58; 87.88%), 
irregularities in pleural margins (n = 47; 71.21%), septal/
sub pleural lines (n = 54; 81.82%), honeycombing appear-
ance (n = 19; 28.79%), and sub pleural cysts (n = 27; 
40.90%). Additionally, NSIP was the predominant pul-
monary HRCT pattern (n = 42, 63.64%; Table 2). Besides, 
lung HRCT findings revealed UIP, LIP and COP pat-
terns in 20 (30.30%), three (4.55%) and 1(1.52%) patients, 
respectively.

Among the 66 patients with ILD, 40 had recorded 
PFTs (Table  2). At the time of ILD diagnosis, diffusion 
capacity impairment was the predominant manifesta-
tion of pulmonary involvement (n = 30, 75%) and the 
most severe complication with a predicted DLCO value 
of 58.82 ± 21.04%. Moreover, PFTs indicated severe 
impairment with a predicted DLCO values < 50% in 
25% of patients (n = 10). Notably, impaired small airway 
resistance (n = 14, 35%) was a more common incidence 
in this series. Additionally, it was demonstrated that 40% 
(n = 16) and 27.5% (n = 11) of the patients had impaired 
ventilatory function and restrictive disease pattern. Fur-
thermore, 2 (5%) patients showed a severe impairment 
with a predicted FEV1 values < 35%.

HRCT findings and pulmonary function of ILD patients 
with UIP and NSIP
In this instance, we observed that ILD patients, who 
had UIP tended to exhibit higher Warrick score (25 
[24–29.5] vs. 10.5 [8–12], p < 0.001), a lower predicted 
FEV1 value (72 [59.75–85.50] vs. 93.5 [81.25–99], 
p = 0.001) and lower predicted FVC (71 [65.25–83.0] 

vs. 88 [80.5–102.75], p = 0.001) value at ILD diagno-
sis compared with those having NSIP. We also found 
that patients with UIP exhibited significantly lower pre-
dicted DLCO values (43.07 ± 19.26% vs. 69.09 ± 16.49%, 
p < 0.001) at ILD diagnosis. Hence, the pSS-ILD patients 
with UIP patterns were further associated with diffusive 
and restrictive ventilation dysfunction. Additionally, the 
patients from both groups suffered from SAD (FEF50, % 
predicted: 49.71 ± 22.32% vs 72.92 ± 21.31%, p = 0.003; 

Fig. 1  Extraglandular involvements in pSS patients with and without 
ILD

Table 2  Characteristics of ILD in 66 patients with pSS

ILD-onset

Time of ILD onset (n, %)
Before pSS onset 14, 21.21%

Concomitant with pSS 13, 19.70%

After pSS onset 39, 59.09%

Pulmonary symptoms (n, %)
Dry cough 32, 48.48%

Sputum production 23, 34.85%

Chest tightness 14, 21.21%

Dyspnea 19, 28.79%

Fever 19, 28.79%

Recurrent pulmonary infections 16, 24.24%

Baseline pulmonary function
TLC, % predicted 74.32 ± 17.27

FVC, % predicted 82.50 (71.25–97)

FEV1, % predicted 84 (71–96.75)

DLCO, % predicted 58.82 ± 21.04

FEV1/FVC 100 (95.25–103)

RV, % predicted 72.24 ± 24.09

RV/TLC 94.87 ± 17.56

FEF25, % predicted 74.4 ± 28.59

FEF50, % predicted 64.30 ± 24.20

FEF75, % predicted 61.07 ± 27.76

HRCT findings (n, %)
Ground glass opacities 58, 87.88%

Irregularities in pleural margins 47, 71.21%

Septal/sub pleural lines 54, 81.82%

Honeycombing appearance 19, 28.79%

Sub pleural cysts 27, 40.90%

parenchymal micronodules/nodules 61, 92.42%

HRCT scan pattern (n, %)
NSIP 42, 63.64%

UIP 20, 30.30%

LIP 3, 4.55%

COP 1, 1.52%

HRCT CoVR quantification
HRCT extent 6 (4–9)

HRCT severity 6 (5–15)

HRCT total score 12 (9–24)
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FEF75, % predicted: 54.64 ± 31.55% vs 66 ± 24.34%, 
p = 0.22; FEF25-75, % predicted: 68.43 ± 28.41% vs 
89.58 ± 26.35%, p = 0.03; respectively) (Additional file  1: 
Table S1).

Correlation between the HRCT‑score and PFT results
As shown in Fig.  2, investigation of the association 
between the total HRCT-scores and PFT results revealed 
strong negative correlations between the HRCT-scores 
and FVC (r = −  0.44, p = 0.004), FEV1 (r = −  0.43, 
p = 0.006), FEF25% (r = −  0.34, p = 0.03), FEF25-75% 
(r = − 0.37, p = 0.02), DLCO (r = − 0.52, p = 0.001), TLC 
(r = −  0.56, p < 0.001), and RV (r = −  0.56, p < 0.001). 
However, there were no correlations between the HRCT-
scores and PEF 75% (r = − 0.22, p = 0.17). In addition, the 
total HRCT-scores showed a significant positively cor-
relation with ESSDAI (r = 0.28, p = 0.03), ESR (r = 0.33, 
p = 0.01) and CRP(r = 0.41, p = 0.001).

Potential risk factors for pSS‑ILD
The multivariable analysis found that age (p = 0.04; 
OR 1.52; 95% CI 1.01–2.27), Raynaud’s phenomenon 
(p < 0.001; OR 10.53; 95% CI 4.28–25.90), lymphopenia 
(p = 0.01; OR 2.65; 95% CI 1.26–5.58), cough (p < 0.001; 
OR 11.89; 95% CI 3.42–41.26), dyspnoea (p = 0.001; OR 
10.00; 95% CI 2.62–38.13) and rampant dental caries 
(p = 0.02; OR 2.94; 95% CI 1.20–7.19) were risk factors 
for ILD. These data are presented in Fig. 3.

Discussion
In this study, we retrospectively analysed the clinical 
characteristics of 333 Chinese pSS patients and demon-
strated that the prevalence of ILD was 19.82%. Moreover, 
we showed that dry cough, chest tightness, and Raynaud’s 
phenomenon were the most significant predictive factors. 
To the best of our knowledge, this is the first study that 
showed the prevalence, clinical characteristics, HRCT-
score, and outcome of different ILD pattern in Chinese 
patients with pSS.

Fig. 2  Correlation between the HRCT-score and PFT results in pSS-ILD patients
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Evidence regarding the prevalence of ILD in patients 
with pSS is controversial. Previous studies have reported 
a prevalence of pSS-ILD ranging from 1.01 to 78.61% 
[11, 12, 17, 25–29]. This wide range is partially attrib-
uted to the different study design, background popula-
tion, case selection, and improved diagnostic techniques. 
In our total patient cohort, the prevalence of ILD mani-
festations was 19.82%, consistent with those reported 
in other studies [14, 28, 29]. Interestingly, we detected a 
significantly higher pSS-ILD prevalence in Asia than in 
Europe. These data suggested differences in the patho-
genesis of patients with pSS with different geographic 
and ethnic backgrounds. Li Y et  al. reported that pSS 
patients from different ethnicities and locations possess 
distinct susceptibility locus [30], which might modulate 
the clinical phenotypes. Additionally, Nannini C has pre-
viously underlined that the cumulative incidence of ILD 
in patients with pSS was 10% one year after pSS diag-
nosis and increased to 20% five years after initial onset 
[31], suggesting that the patients with pSS-ILD require a 
closer follow-up.

Besides, in 14 (21.21%) patients, pulmonary involve-
ment was the initial manifestation of pSS and even pre-
ceded the diagnosis, which was consistent with previous 
studies [17, 32]. In a prospective study, ILD was the main 
presenting symptom in 13 (16.88%) newly diagnosed 
patients with pSS [28], while typical autoantibodies were 
often absent. Further, a multicentre study detected 25 
patients with pSS-ILD and in 60% of them, the ILD diag-
nosis preceded that of pSS [32]. Clinical manifestations 
of lung involvement in patients with pSS can be nonspe-
cific, therefore, delay diagnosis. Therefore, these features 
underlined the importance of performing differential 

diagnosis in the initial disease stage and multidisciplinary 
communication.

HRCT is considered a helpful and sensitive method 
for detecting lung abnormalities in patients with pSS. 
HRCT-scan was useful in identifying ILD presentations, 
with linear (81.82%), ground-glass opacities (87.88%) and 
parenchymal micronodules/nodules (92.42%) being the 
most common abnormalities in our series. Previous stud-
ies have reported that ground-glass and non-septal linear 
opacities were more commonly exhibited on HRCT-scan 
of pSS patients [13, 33, 34]. Interestingly, we detected a 
preponderance of micronodules/nodules in pSS-ILD 
patients, probably because improved diagnostic tech-
nology may have resulted in a higher sensitivity for the 
detection of lung nodules. Moreover, multiple nodules 
suggested an inflammatory role in the disease pathogen-
esis. Besides, pSS patients with multiple lung nodules 
tend to have increased risk of lymphomas, especially in 
the mucosa-associated lymphoid tissue [35]. Our study 
confirmed that HRCT-scan is supportive for pSS-ILD 
histological pattern identification, as previous studies 
suggested [17]. Our analysis of the HRCT-scans indicated 
that pSS patients mostly suffered from NSIP (63.64%); 
these findings are consistent with a previous study that 
examined 201 pSS patients showing a preponderance 
of NSIP (n = 72, 45.5%), UIP (n = 16, 10.10%), and LIP 
(n = 13, 8.2%) [26]. Although LIP rarely occurs, pSS is its 
most common related disease. Therefore, patients with 
LIP should consider undergoing pSS disease screening. 
In our study, only three (4.55%) pSS-ILD patients exhib-
ited LIP. In 15 pSS-ILD cases in the literature, Dong 
et  al. evaluated the onset of LIP, which is usually more 
insidious [36]. Further, to the best of our knowledge, our 

Fig. 3  Multivariate analysis of features predicting ILD in pSS patients. CI Confidence interval, OR odds ratio
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work was the first to analyse the association between the 
HRCT-score and the different ILD patterns and showed 
that the patients with UIP had a higher HRCT-score. 
Interestingly, the observed strong association between 
ESR/CRP and HRCT-score in our study suggested a 
higher disease activity in the ILD patients with pSS.

In our study, patients with pSS-ILD had abnormal PFT 
results, which were mainly associated with diffusive dys-
function and a restrictive pattern of abnormality. These 
findings were consistent with the results of previous 
studies [10, 37, 38]. Reduced DLCO seemed to be the 
most common abnormality [10, 39]. Moreover, patients 
with ILD (35%) also suffered from SAD. Dong et al. found 
that the rate was higher in patients with pSS-ILD than 
in those without ILD [34]. Previous studies have also 
reported that concomitant SAD was common in biopsy 
of proven pSS-ILD [39, 40]. There are limited studies 
focusing on the relationship between the HRCT-score 
and PFT. This study revealed that impairment of DLCO/
RV/TLC was associated with high HRCT-scores, which 
was similar to the findings of previous studies reported 
by Chen et al. and Yazisiz et al., which also indicated that 
the HRCT-scores had a negative correlation with DLCO 
alone [41, 42]. Taken together, we postulated that higher 
HRCT-scores are correlated with more severe lung func-
tion impairment.

As ILD has been considered to be associated with pre-
mature mortality [15, 31], identification of risk factors 
for these diseases is crucial. Our results showed that 
advanced age and male sex were risk factors for pSS-ILD 
patients similar to previous findings [14, 17, 25, 26]. In 
contrast, there were no significant differences observed 
regarding the disease duration between pSS patients with 
and without ILD. The prevalence of dry cough and chest 
tightness was significantly higher as initial symptoms of 
ILD in patients and predicted its onset. Most patients 
with pSS (41–66%) suffered from cough [17]. Moreover, 
dry cough may present several years before the diagno-
sis of pSS and affects the quality of life in approximately 
50% of pSS patients [43]. The cause of dry cough remains 
unclear. In general, dry cough is considered as the mani-
festation of SAD, which suggests that the coexistence of 
the two conditions is likely rather than constant. Airway 
dryness, bronchial or bronchiolar inflammation, hyper-
reactive airway, and gastro-oesophageal reflux have pro-
posed to explain coughing [17, 44].

Interestingly, patients ILD presented with Raynaud’s 
phenomenon more frequently compared with those with-
out ILD, in line with previous reported findings [17, 27]. 
Roca et  al. suggested a higher prevalence of Raynaud’s 
phenomenon in pSS-ILD patients demonstrated that 
an ischaemic process may play a role in the lung dam-
age onset [17]. Our data reinforced the hypothesis that 

microangiopathy may become integral for early detection 
of pSS patients at risk for ILD. Patients with pSS with RP 
require a closer monitoring of lung parameters (HRCT-
scan and PFTs). Moreover, it is questionable whether 
a more aggressive therapy of RP in pSS patients would 
improve the course of ILD or prevent its onset. The 
underlying pathogenic mechanism of the relationship 
between RP and ILD should be studied further.

However, our study had some limitations. First, this 
was a retrospective, observational study; therefore, the 
causative relationship could not be well determined. 
Additionally, a small group of patients underwent PFTs, 
which was a limiting factor for generalising our conclu-
sions, as the data of patients without PFTs could not be 
analysed to evaluate their lung or airway impairments. 
Therefore, important information could have been 
missed. Moreover, this was a single-centre study. Fur-
ther, it was occasionally difficult to discriminate NSIP 
from UIP and LIP on HRCT without pathologic evalua-
tion. Furthermore, we did not have a right heart cathe-
terization in all patients with elevated pulmonary arterial 
pressure on ultrasound, we were not able to differenti-
ate well whether PH was pre- or postcapillary hyperten-
sion. What’s more, among patients with pSS, pulmonary 
hypertension can occur in isolation (PAH) or in associa-
tion with ILD (PH-ILD). Therefore, to make the results 
more reliable, although the proportion of patients with 
pulmonary arterial hypertension in the ILD group was 
significantly higher in the univariate analysis, it was con-
sidered inappropriate to perform a multivariate logistic 
regression analysis on the pulmonary arterial hyperten-
sion data to identify risk factors for ILD involvement. A 
prospective, large cohort study should be conducted to 
confirm our findings.

In conclusion, ILD involvement in pSS cases is a preva-
lent clinical occurrence. The clinical manifestations vary 
and are nonspecific. Accordingly, initial symptoms can 
be vague, and dry cough and dyspnea can predict ILD 
occurrence. Advanced age and Raynaud’s phenomenon 
are risk factors for pulmonary interstitial complications 
in pSS patients. These patients should be systematically 
evaluated for ILD involvement and managed according 
to their symptoms. As the pathogenesis of pSS-ILD is 
complex, it is necessary to clarify the potential molecu-
lar biological mechanism between these risk factors and 
pSS-ILD in a large multicentre prospective study.

Abbreviations
pSS: Primary Sjögren’s syndrome; CRP: C-reactive protein; ILD: Interstitial lung 
disease; SAD: Small airway disease; NSIP: Nonspecific interstitial; UIP: Usual 
interstitial; LIP: Lymphocytic interstitial pneumonia; OP: Organising pneu-
monia; ANA: Antinuclear; HRCT​: High-resolution computed tomography; 
PFTs: Pulmonary function tests; ESSDAI: The Eular Sjögren’s syndrome disease 
activity index; FEV1: Forced expiratory volume in the 1st s; FVC: Forced vital 



Page 9 of 10Lin et al. BMC Pulmonary Medicine           (2022) 22:73 	

capacity; DLCO: Carbon monoxide-diffusing capacity; RV: Residual volume; 
PEF: Peak expiratory flow; SPSS Inc, Chicago, IL, USA: The Statistical Package 
for the Social Sciences, version 25.0; ESR: Erythrocyte sedimentation rate; ORs: 
Odds ratios; CIs: Confidence intervals.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12890-​022-​01868-5.

Additional file 1: Sup Table 1. HRCT score and pulmonary function of 
ILD patients with UIP and NSIP.

Acknowledgements
Not applicable.

Authors’ contributions
L.S. and X.Z. had full access to all of the data in the study and takes responsi-
bility for the integrity of the data and the accuracy of the data analysis. W.L., 
Z.X., X.R., W.Z., J.Z., N.L., F.L., and M.L. contributed to the study design, Y.S., Yi.L., 
L.Y., S.G., Y.Y., Ya.L., and J.C. contributed to the data analysis, X.N., J.L., H.X., N.N., 
Y.C., and F.Z. contributed to the data interpretation. W.L., Z.X., M.L., and Y.S. 
were major contributors in writing the manuscript. W.L., Z.X., and J.Z. were the 
primary authors. All authors read and approved the final manuscript.

Funding
This work was funded by the grant from the National Nature Science Founda-
tion of China (No. 81801630) and the National Nature Science Foundation of 
Hebei Province (No. H2018307047).

Availability of data and materials
All data relevant to the study are included in the article or uploaded as online 
supplementary information. The data that support the findings of this study 
are available from the corresponding authors on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Ethical Committee of Hebei 
General Hospital (approval number: 2016070). Written informed consent 
was obtained from all individual participants. The procedures performed in 
this study were completed in accordance with the standards specified in the 
Helsinki Bulletin and the Chinese Laboratory Research Guidelines.

Consent for publication
The respondents in this study have given their written consent for publication 
of the research.

Competing interests
The authors declare no potential conflicts of interest.

Author details
1 Department of Rheumatology and Immunology, Hebei General Hospital, 
Hebei 050051, Shijiazhuang, China. 2 Department of Thoracic Surgery, Hebei 
General Hospital, Hebei 050051, Shijiazhuang, China. 3 Department of Medical 
Imaging, Hebei General Hospital, Hebei 050051, Shijiazhuang, China. 4 Depart-
ment of Stomatology, Hebei General Hospital, Hebei 050051, Shijiazhuang, 
China. 5 Department of Oncology, Hebei General Hospital, Hebei 050051, 
Shijiazhuang, China. 6 Department of Rheumatology, Peking Union Medi-
cal College Hospital, Chinese Academy of Medical Science and Peking 
Union Medical College, National Clinical Research Center for Dermatologic 
and Immunologic Diseases, State Key Laboratory of Complex Severe and Rare 
Diseases, Beijing 100730, China. 

Received: 13 November 2021   Accepted: 18 February 2022

References
	1.	 Brkic Z, Maria NI, van Helden-Meeuwsen CG, van de Merwe JP, van Daele 

PL, Dalm VA, Wildenberg ME, Beumer W, Drexhage HA, Versnel MA. Preva-
lence of interferon type I signature in CD14 monocytes of patients with 
Sjogren’s syndrome and association with disease activity and BAFF gene 
expression. Ann Rheum Dis. 2013;72(5):728–35.

	2.	 Davies R, Hammenfors D, Bergum B, Vogelsang P, Gavasso S, Brun JG, 
Jonsson R, Appel S. Aberrant cell signalling in PBMCs upon IFN-alpha 
stimulation in primary Sjogren’s syndrome patients associates with type I 
interferon signature. Eur J Immunol. 2018;48(7):1217–27.

	3.	 Lin W, Jin L, Chen H, Wu Q, Fei Y, Zheng W, Wang Q, Li P, Li Y, Zhang W, 
et al. B cell subsets and dysfunction of regulatory B cells in IgG4-related 
diseases and primary Sjogren’s syndrome: the similarities and differences. 
Arthritis Res Ther. 2014;16(3):R118.

	4.	 Nocturne G, Mariette X. B cells in the pathogenesis of primary Sjogren 
syndrome. Nat Rev Rheumatol. 2018;14(3):133–45.

	5.	 Verstappen GM, Kroese FG, Meiners PM, Corneth OB, Huitema MG, 
Haacke EA, van der Vegt B, Arends S, Vissink A, Bootsma H, et al. B cell 
depletion therapy normalizes circulating follicular Th cells in Primary 
Sjogren syndrome. J Rheumatol. 2017;44(1):49–58.

	6.	 Bunte K, Beikler T. Th17 cells and the IL-23/IL-17 axis in the pathogenesis 
of periodontitis and immune-mediated inflammatory diseases. Int J Mol 
Sci. 2019;20(14):3394.

	7.	 Saito M, Otsuka K, Ushio A, Yamada A, Arakaki R, Kudo Y, Ishimaru N. 
Unique phenotypes and functions of follicular helper T cells and regula-
tory T cells in Sjogren’s syndrome. Curr Rheumatol Rev. 2018;14(3):239–45.

	8.	 Parambil JG, Myers JL, Lindell RM, Matteson EL, Ryu JH. Interstitial lung 
disease in primary Sjogren syndrome. Chest. 2006;130(5):1489–95.

	9.	 Fauchais AL, Martel C, Gondran G, Lambert M, Launay D, Jauberteau MO, 
Hachulla E, Vidal E, Hatron PY. Immunological profile in primary Sjogren 
syndrome: clinical significance, prognosis and long-term evolution to 
other auto-immune disease. Autoimmun Rev. 2010;9(9):595–9.

	10.	 Palm O, Garen T, Berge Enger T, Jensen JL, Lund MB, Aalokken TM, Gran 
JT. Clinical pulmonary involvement in primary Sjogren’s syndrome: 
prevalence, quality of life and mortality—a retrospective study based on 
registry data. Rheumatology (Oxford). 2013;52(1):173–9.

	11.	 Lin DF, Yan SM, Zhao Y, Zhang W, Li MT, Zeng XF, Zhang FC, Dong Y. 
Clinical and prognostic characteristics of 573 cases of primary Sjogren’s 
syndrome. Chin Med J (Engl). 2010;123(22):3252–7.

	12.	 He C, Chen Z, Liu S, Chen H, Zhang F. Prevalence and risk factors of inter-
stitial lung disease in patients with primary Sjogren’s syndrome: a system-
atic review and meta-analysis. Int J Rheum Dis. 2020;23(8):1009–18.

	13.	 Kamiya Y, Fujisawa T, Kono M, Nakamura H, Yokomura K, Koshimizu N, Toy-
oshima M, Imokawa S, Sumikawa H, Johkoh T, et al. Prognostic factors for 
primary Sjogren’s syndrome-associated interstitial lung diseases. Respir 
Med. 2019;159:105811.

	14.	 Gao H, Zhang XW, He J, Zhang J, An Y, Sun Y, Jia RL, Li SG, Zhang LJ, Li ZG. 
Prevalence, risk factors, and prognosis of interstitial lung disease in a large 
cohort of Chinese primary Sjogren syndrome patients: a case–control 
study. Medicine (Baltimore). 2018;97(24):e11003.

	15.	 Yazisiz V, Gocer M, Erbasan F, Ucar I, Aslan B, Oygen S, Gokalp Gok E, Ter-
zioglu ME. Survival analysis of patients with Sjogren’s syndrome in Turkey: 
a tertiary hospital-based study. Clin Rheumatol. 2020;39(1):233–41.

	16.	 Zhao R, Wang Y, Zhou W, Guo J, He M, Li P, Gao J, Gu Z, Dong C. Associ-
ated factors with interstitial lung disease and health-related quality of life 
in Chinese patients with primary Sjogren’s syndrome. Clin Rheumatol. 
2020;39(2):483–9.

	17.	 Roca F, Dominique S, Schmidt J, Smail A, Duhaut P, Levesque H, Marie I. 
Interstitial lung disease in primary Sjogren’s syndrome. Autoimmun Rev. 
2017;16(1):48–54.

	18.	 Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander EL, 
Carsons SE, Daniels TE, Fox PC, Fox RI, Kassan SS, et al. Classification 
criteria for Sjogren’s syndrome: a revised version of the European criteria 
proposed by the American-European Consensus Group. Ann Rheum Dis. 
2002;61(6):554–8.

	19.	 van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, 
et al. 2013 classification criteria for systemic sclerosis: an American col-
lege of rheumatology/European league against rheumatism collabora-
tive initiative. Ann Rheum Dis. 2013;72:1747–55.

https://doi.org/10.1186/s12890-022-01868-5
https://doi.org/10.1186/s12890-022-01868-5


Page 10 of 10Lin et al. BMC Pulmonary Medicine           (2022) 22:73 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	20.	 Seror R, Theander E, Brun JG, Ramos-Casals M, Valim V, Dorner T, et al. 
Validation of EULAR primary Sjogren’s syndrome disease activity (ESSDAI) 
and patient indexes (ESSPRI). Ann Rheum Dis. 2015;74:859–66.

	21.	 Seror R, Ravaud P, Bowman SJ, Baron G, Tzioufas A, Theander E, et al. 
EULAR Sjogren’s syndrome disease activity index: development of a con-
sensus systemic disease activity index for primary Sjogren’s syndrome. 
Ann Rheum Dis. 2010;69:1103–9.

	22.	 Seror R, Bootsma H, Saraux A, Bowman SJ, Theander E, Brun JG, et al. 
Defining disease activity states and clinically meaningful improvement in 
primary Sjogren’s syndrome with EULAR primary Sjogren’s syndrome dis-
ease activity (ESSDAI) and patient-reported indexes (ESSPRI). Ann Rheum 
Dis. 2016;75:382–9.

	23.	 Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, Colby TV, 
Cordier JF, Flaherty KR, Lasky JA, et al. An official ATS/ERS/JRS/ALAT state-
ment: idiopathic pulmonary fibrosis: evidence-based guidelines for diag-
nosis and management. Am J Respir Crit Care Med. 2011;183(6):788–824.

	24.	 Warrick JH, Bhalla M, Schabel SI, Silver RM. High resolution com-
puted tomography in early scleroderma lung disease. J Rheumatol. 
1991;18(10):1520–8.

	25.	 Kakugawa T, Sakamoto N, Ishimoto H, Shimizu T, Nakamura H, Nawata A, 
Ito C, Sato S, Hanaka T, Oda K, et al. Lymphocytic focus score is positively 
related to airway and interstitial lung diseases in primary Sjogren’s syn-
drome. Respir Med. 2018;137:95–102.

	26.	 Wang Y, Hou Z, Qiu M, Ye Q. Risk factors for primary Sjogren syndrome-
associated interstitial lung disease. J Thorac Dis. 2018;10(4):2108–17.

	27.	 Kampolis CF, Fragkioudaki S, Mavragani CP, Zormpala A, Samakovli A, 
Moutsopoulos HM. Prevalence and spectrum of symptomatic pulmo-
nary involvement in primary Sjogren’s syndrome. Clin Exp Rheumatol. 
2018;36(Suppl 112):94–101.

	28.	 Manfredi A, Sebastiani M, Cerri S, Cassone G, Bellini P, Casa GD, Luppi 
F, Ferri C. Prevalence and characterization of non-sicca onset primary 
Sjögren syndrome with interstitial lung involvement. Clin Rheumatol. 
2017;36(6):1261–8.

	29.	 Strevens Bolmgren V, Olsson P, Wollmer P, Hesselstrand R, Mandl T. Res-
piratory symptoms are poor predictors of concomitant chronic obstruc-
tive pulmonary disease in patients with primary Sjogren’s syndrome. 
Rheumatol Int. 2017;37(5):813–8.

	30.	 Li Y, Zhang K, Chen H, Sun F, Xu J, Wu Z, Li P, Zhang L, Du Y, Luan H, et al. 
A genome-wide association study in Han Chinese identifies a suscep-
tibility locus for primary Sjogren’s syndrome at 7q11.23. Nat Genet. 
2013;45(11):1361–5.

	31.	 Nannini C, Jebakumar AJ, Crowson CS, Ryu JH, Matteson EL. Primary 
Sjogren’s syndrome 1976–2005 and associated interstitial lung disease: 
a population-based study of incidence and mortality. BMJ Open. 
2013;3(11):e03569.

	32.	 Reina D, Roig Vilaseca D, Torrente-Segarra V, Cerda D, Castellvi I, Diaz 
Torne C, Moreno M, Narvaez J, Ortiz V, Blavia R, et al. Sjogren’s syndrome-
associated interstitial lung disease: a multicenter study. Reumatol Clin. 
2016;12(4):201–5.

	33.	 Ahuja J, Arora D, Kanne JP, Henry TS, Godwin JD. Imaging of pulmo-
nary manifestations of connective tissue diseases. Radiol Clin N Am. 
2016;54(6):1015–31.

	34.	 Dong X, Zhou J, Guo X, Li Y, Xu Y, Fu Q, Lu Y, Zheng Y. A retrospective 
analysis of distinguishing features of chest HRCT and clinical manifesta-
tion in primary Sjögren’s syndrome-related interstitial lung disease in a 
Chinese population. Clin Rheumatol. 2018;37(11):2981–8.

	35.	 Yachoui R, Leon C, Sitwala K, Kreidy M. Pulmonary MALT lymphoma in 
patients with Sjogren’s syndrome. Clin Med Res. 2017;15(1–2):6–12.

	36.	 Dong X, Gao YL, Lu Y, Zheng Y. Characteristics of primary Sjogren’s 
syndrome related lymphocytic interstitial pneumonia. Clin Rheumatol. 
2021;40(2):601–12.

	37.	 Kelly C, Gardiner P, Pal B, Griffiths I. Lung function in primary Sjogren’s syn-
drome: a cross sectional and longitudinal study. Thorax. 1991;46(3):180–3.

	38.	 Papiris SA, Maniati M, Constantopoulos SH, Roussos C, Moutsopoulos HM, 
Skopouli FN. Lung involvement in primary Sjogren’s syndrome is mainly 
related to the small airway disease. Ann Rheum Dis. 1999;58(1):61–4.

	39.	 Shi JH, Liu HR, Xu WB, Feng RE, Zhang ZH, Tian XL, Zhu YJ. Pulmonary 
manifestations of Sjogren’s syndrome. Respiration. 2009;78(4):377–86.

	40.	 Enomoto Y, Takemura T, Hagiwara E, Iwasawa T, Fukuda Y, Yanagawa N, 
Sakai F, Baba T, Nagaoka S, Ogura T. Prognostic factors in interstitial lung 

disease associated with primary Sjogren’s syndrome: a retrospective 
analysis of 33 pathologically-proven cases. PLoS One. 2013;8(9):e73774.

	41.	 Chen MH, Chou HP, Lai CC, Chen YD, Chen MH, Lin HY, Huang DF. Lung 
involvement in primary Sjogren’s syndrome: correlation between high-
resolution computed tomography score and mortality. J Chin Med Assoc. 
2014;77(2):75–82.

	42.	 Yazisiz V, Arslan G, Ozbudak IH, Turker S, Erbasan F, Avci AB, Ozbudak O, 
Terzioglu E. Lung involvement in patients with primary Sjogren’s syn-
drome: what are the predictors? Rheumatol Int. 2010;30(10):1317–24.

	43.	 Mialon P, Barthelemy L, Sebert P, Le Henaff C, Sarni D, Pennec YL, Le Goff 
P, Youinou P. A longitudinal study of lung impairment in patients with 
primary Sjogren’s syndrome. Clin Exp Rheumatol. 1997;15(4):349–54.

	44.	 Gupta S, Ferrada MA, Hasni SA. Pulmonary Manifestations of Primary 
Sjogren’s syndrome: underlying immunological mechanisms, clinical 
presentation, and management. Front Immunol. 2019;10:1327.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Interstitial lung disease in Primary Sjögren’s syndrome
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Material and methods
	Study subjects
	Data collection
	HRCT and PFT analysis
	Statistical analysis

	Results
	Demographic and clinical pSS-ILD characteristics
	HRCT findings and pulmonary function of patients with ILD
	HRCT findings and pulmonary function of ILD patients with UIP and NSIP
	Correlation between the HRCT-score and PFT results
	Potential risk factors for pSS-ILD

	Discussion
	Acknowledgements
	References


